Abstract Present study has been undertaken to evaluate antimalarial potential and safety of artesunate based combination therapy with homeopathic medicine china (//30 potency) against Plasmodium berghei (NK-65), a lethal rodent malaria parasite. In combination therapy, the oral administration of artesunate (100 mg/kg) ? china //30 proved to be highly efficacious as it completely cleared the blood stage infection. During the follow up period up to day 28, no recrudescence was observed and the survival rate was 100 %. Combination did not disturb the normal functioning of liver and kidney, as evident from the normal activity of ALP (190.5 ± 0.2 and 174.2 ± 9.12 IU/l), level of bilirubin (0.6 ± 0.33 and 0.73 ± 0.1 mg/dl), urea (28 ± 0.51 and 29.1 ± 0.03 mg/dl) and creatinine (0.9 ± 0.62 and 1.1 ± 0.1 mg/dl) in serum of treated mice on day 7 and 28 respectively. Present study points to better efficacy of china as an alternative drug partner in combination to enhance antimalarial efficacy of artesunate without affecting the liver and kidney functions of P. berghei infected BALB/c mice.
Introduction
Artemisinin-based combinations provide mutual protection against multi drug resistant parasite, high antimalarial efficacy, excellent tolerability and reduced transmissibility (Bangchang and Congpuong 2007; Orerell et al. 2008) . World Health Organization had banned the use of artemisinin in monotherapy and recommended combination therapy (ACT) to delay the development of drug resistance and to improve cure rates (WHO 2006; Robert et al. 2001) . However, resistance to artemisinin has been reported around Thai Cambodian border recently (Müller et al. 2009 ).
Homeopathy is a method of traditional medicine that uses ultra # low doses of highly diluted natural substances originating from plants, minerals or animals. It is a nontoxic form of alternative medicine which can be combined with classical treatment methods to ensure adequate global healthcare and for avoiding the risk of adverse effects (WHO 2002) . Mice have been used as a model for homeopathy research in relation to cytotoxicity, genotoxicity and carcinogenesis. Several potentized homeopathic drugs have been tested against many toxic chemical compounds and have been reported to be capable of acting by triggering the regulatory action of master genes (Khuda-Bukhsh 2009).
Homeopathic medicine china, produced from bark of Cinchona officinalis has been reported to cure low forms of fever (remittent or intermittent or malarial) and also kills parasites (Robin Murphy 2004; Shah 1999; Lessell 1993; Kent 1989) . The Cinchona bark is the source of a variety of alkaloids which have been used as anti-fever agents and in treating malaria (Yarnell and Abascal 2004) . China mother tincture (/) has been reported to reduce Plasmodium berghei infection in Balb/c mice and also enhanced the mean survival time of treated mice. The drug completely cleared the infection when it was given in combination with standard antimalarial artesunate (100 mg/Kg). Both the monotherapy and combination were reported to be safe on the host's blood cells (Rajan and Bagai 2011) . The homeopathic medicines can recondition entire human body through life force and by stimulating the natural defense mechanism. They strengthen the dynamism of internal system which changes the susceptibility of body towards pathogen (Saxena 2006) .
Present study was undertaken to evaluate anti-plasmodial efficacy along with the hepatoprotective and nephroprotective role of artesunate based combination therapy (ACT) with homeopathic medicine china / and 30 potency against Plasmodium berghei (NK-65), a lethal rodent malaria parasite.
Materials and methods

Animals/parasite
Albino mice Mus musculus of BALB/c strain (weighing 22-26 g and 4-6 weeks old) of either sex were obtained from the Central Animal House, Panjab University, Chandigarh. They were maintained on a standard pellet diet and water ad libitum. A chloroquine sensitive strain of P. berghei (NK-65) was maintained by intraperitoneal inoculation of 1 9 10 6 infected erythrocytes to naïve mice (Santiyanont 1985) . Parasitaemia was checked by preparing Giemsa stained thin blood smears on glass slides through tail vein incision of infected mice. The treatment of mice was according to the guidelines of institutional ethical committee, Panjab University, Chandigarh, India (Reg No. 45/1999/CPCSEA).
Experimental design
Ten groups (G-1 to G-10) having 10 mice each (same sex and age) were used for the present study (Table 1 ). All groups except G-1 were injected with 1 9 10 6 P. berghei parasitized erythrocytes on 1st day (D0). Dose of various antimalarials/vehicles (0.2 ml/mouse/day) was administered orally to mice of different groups for 7 days (D0-D6). Falcigo tablet containing 50 mg artesunate base (Cadilla Pharmaceutical Company, India) was suspended in 1 ml of (5 %) Na 2 HCO 3 and 5 ml of (0.9 %) NaCl. Artesunate (AS) 100 mg/kg was administered orally bi daily (BD) on 1st day and once a day (OD) for another 6 days. Standard recommended dose of AS (4 mg/kg for 3 days) ? SP # (1.2 mg/kg as single dose) was administered orally (Laridox containing 500 mg Sulphadoxine and 25 mg Pyremethamine). Homeopathic medicine china / and 30 potency (Dr. Willmar Schwabe India Pvt. Ltd., Noida) were used. In present study, mother tincture consisted of 1 part drug in 10 parts of absolute alcohol, and 30 potency was obtained after potentisation and it denoted 30 dilutions in centesimal scale. China / and china 30 were diluted in distilled water in ratio of 1:2 and administered OD for 7 days (0.2 ml/mice/day), 1-2 h after the administration of AS in combination therapy. Parasitaemia was monitored on day 3, 5, 7 and thereafter weekly during 1 month follow up period. The mean survival time (MST) of mice in each group was calculated.
Liver and kidney function tests
The activity of alkaline phosphatase (ALP) (p-NPP method), concentration of bilirubin (Jendrassik and Grof method), urea (modified Berthelot method) and creatinine (alkaline picrate method) were checked in serum of mice using ENZOPAK/CHEMPAK reagent kits (Reckon Diagnostic Pvt. Ltd., Gorwa, Baroda, India) and manufacturer's instructions were followed. Biochemical assays were performed in serum of normal (G-1) and P. berghei infected mice (G-2) on day 7, whereas, in experimental groups, it was done twice on day 7 and 28.
Statistical analysis
Data has been presented as mean and standard deviation (SD). Statistical evaluation of differences between the experimental groups was determined by the Student's t test with the level of significance of p \ 0.05 using GraphPad Software (San Diego, California, USA). The experiments were repeated for validation of results.
Results
Course of parasitaemia in experimental groups
Maximum infection of 49.5 ± 3.53 % was observed in infected control (G-2) on 7th day post inoculation after which all the mice died due to heavy infection, whereas, mice treated with vehicle (G-5, G-7) died by day 5 (25.1 ± 0 %) and day 7 (31.19 ± 1.77 %) respectively. In G-3 (china /), the infection was observed to increase till day 14 up to 10.3 ± 2.2 % after which it declined continuously to 2.5 ± 1.44 % (p \ 0.0005) by the day 28 whereas, in G-4 (china 30) infection was completely cleared after day 21 (Fig. 1a) .
In AS monotherapy (G-6) the infection was reduced to 1.78 ± 0.05 % (p \ 0.0005) by day 5 but many free merozoites outside the RBCs were observed in blood smears. Infection was completely cleared by day 7 but recrudescence was observed on day 21 with 2.07 ± 0.64 % infection which increased up to 3.99 ± 0.07 % by day 28 (Fig. 1b) .
In the mice treated with combination of artesunate and china (/ and 30 potency), the infection was observed to be 0.12 ± 0 and 0.7 ± 0 % respectively on day 7 after which complete clearance of blood stage infection was observed till day 28. In G-10 (AS ? SP) also, the infection was reduced to 0.16 ± 0.2 % on day 7 after which the infection was completely cleared off (Fig. 1c) .
Mean survival time
The mean survival time of experimental groups was calculated after completion of follow up period. All the mice of infected control (G-2) and placebo control groups (G-5 and G-7) died within 7 days and the mean survival time Fig. 1 Graphs showing course of parasitaemia (Mean ± SD) in various experimental groups on various days of study. Data is given as mean ± SD. p \ 0.05 ( # statistically significant), p value in comparison to infected control is represented as p \ 0.005 ( * statistically highly significant), p \ 0.0005 ( ** statistically extremely significant). a Course of parasitaemia in groups treated with monotherapy of china (G-3 and G-4) and placebo control (G-5). b Course of parasitaemia in groups treated with monotherapy of artesunate (G-6) and vehicle treated group (G-7). c Course of parasitaemia in groups treated with combination therapy (G-8, G-9) and positive control group (G-10) was 7 ± 0, 5 ± 0 and 6.5 ± 05 days respectively. The mean survival time of G-6, G-8, G-9 and G-10 was maximum and was comparable to normal control group G-1 (i.e. 28 days) followed by G-4 (26.8 ± 1.2 days) and G-3 (24.5 ± 3.5 days) (Table 1) .
Liver function test
Three-fold increase in ALP activity of infected mice G-2 (632.9 ± 12.2 IU/l) was observed on day 7 as compared to normal control G-1 (212.5 ± 5.08 IU/l). After treating with monotherapy of china (G-3 and G-4) and artesunate (G-6), the activity of ALP was found to be less than normal on day 7 i.e. 84.75 ? 2.3 IU/L (p \ 0.0001), 168 ± 5.9 IU/L (p \ 0.0005) and 201 ± 5.1 IU/L (p \ 0.0005) respectively which decreased significantly to 135.2 ± 3.5 IU/L (p \ 0.0005), 172.1 ± 2.5 IU/L (p \ 0.0005) and 237 ± 2.03 IU/L (p \ 0.0005) on 28th day post inoculation as compared to infected control. In G-8 and G-9 the ALP activity was found to be declined in comparison to infected control and was also comparable to the normal level on both day 7 and 28 whereas, in the group treated with AS ? SP, the ALP activity was lower than that of normal mice both on day 7 and 28 ( Table 2) .
The amount of total bilirubin was found to be 0.65 ± 0.37 mg/dl in G-1 which increased to 1.04 ± 0.52 mg/dl in infected control (G-2). In G-3, the concentration of bilirubin was found to be comparable to the infected level with no statistically significant difference i.e. 0.96 ± 0.40 mg/dl whereas, it increased up to 1.70 ± 0.92 mg/dl in G-4 on day 7. In G-6 also it increased up to 1.86 ± 0.45 mg/dl on day 7 when compared to the infected control. Decreased level of bilirubin was detected in G-8 and G-9 on day 7 and 28 as compared to infected control but in AS ? SP treated mice, the level of total bilirubin was found to be more on day 7 (1.4 ± 0.4 mg/dl) which decreased to 0.8 ± 0.4 mg/dl by day 28, however, both the levels were more than the normal value.
Kidney function test
In normal mice (G-1), the concentration of urea in serum was found to be 32.0 ± 1.05 mg/dl which increased to 62.6 ± 2.30 mg/dl in infected control (G-2). In G-3 the concentration of urea in serum increased to 64.4 ± 0.56 mg/dl on 7th day post inoculation but, in G-4 the concentration of urea was found to be decreased as compared to infected i.e. 41.6 ± 2.26 mg/dl (p \ 0.0005). In the groups treated with AS monotherapy, the concentration of urea on day 7 was found to be more than the infected control i.e. 79.4 ± 4.51 mg/dl (p \ 0.0005). Whereas, in groups treated with combination of china //30 with 100 mg/kg of AS, the levels of urea were found to decline significantly on both the days when compared to the infected control. Both the values were comparable to the normal level. In G-10 (AS ? SP) the amount of urea on day 7 was 21 ± 4.24 mg/dl which decreased to 18 ± 0.5 mg/dl on day 28. Both the values were extremely statistically significant (p \ 0.0005) when compared to the infected control (Table 2) .
In normal mice, the creatinine level was found to be 0.9 ± 0.2 mg/dl whereas, in G-2 the creatinine level increased up to 2.25 ± 0.7 mg/dl. In G-3 (china /) the creatinine level was 0.78 ± 0.1 mg/dl (p \ 0.0005), but in G-4, it was slightly elevated to 1.7 ± 0.02 mg/dl. However, it significantly reduced to 0.8 ± 0.2 mg/dl (p \ 0.0005) by day 28. In G-6, the creatinine levels on day 7 was comparable to the levels in infected group i.e. 2.05 ± 0.34 mg/dl, however, it declined to 1.02 ± 0.5 mg/ dl (p \ 0.005) by day 28. In G-10, the concentration of 
G-1 212.5 ± 5.08 0.65 ± 0.37 32.0 ± 1.05 0.9 ± 0.2 G-2 632.9 ± 12.2 1.04 ± 0.52 62.6 ± 2.30 2.25 ± 0.7 G-3 84.75 ± 2.3** 135.2 ± 3.5** 0.96 ± 0.40 0.87 ± 0.42 64.4 ± 0.56 60.5 ± 5.1 0.78 ± 0.1** 0.66 ± 0.02** G-4 168 ± 5.9** 172.1 ± 2.5** 1.70 ± 0.92 1.5 ± 0.3 41.6 ± 2.26** 40.3 ± 3.6** 1.7 ± 0.02 0.8 ± 0.2** G-6 201 ± 5.1** 237 ± 2.03** 1.86 ± 0.45 1.53 ± 0.26 79.4 ± 4.51** 65.3 ± 3.6 2.05 ± 0.34 1.02 ± 0.5* G-8 182 ± 5.1** 190.5 ± 0.2** 0.81 ± 0.33 0.6 ± 0.33 26.5 ± 3.2** 28 ± 0.51** 1.01 ± 0.54* 0.9 ± 0.62* G-9 170 ± 3.5** 174.2 ± 9.1** 1 ± 0.2 0.73 ± 0.1 33 ± 2.4** 29.1 ± 0.03** 1.2 ± 0.2* 1.1 ± 0.1* G-10 315 ± 13.5** 270.1 ± 0.4** 1.4 ± 0.4 0.8 ± 0.4 21 ± 4.24** 18 ± 0.5** 1.26 ± 0.1* 1.02 ± 0.04* Data is presented as mean ± SD of two separate experiments. p value in comparison to infected control is shown as p \ 0.05 ( # statistically significant), p \ 0.005 (* statistically highly significant), p \ 0.0005 (** statistically extremely significant) creatinine were significantly lower (p \ 0.005) than the infected and comparable to normal levels on both day 7 (1.26 ± 0.1 mg/dl) and day 28 (1.02 ± 0.04 mg/dl).
Discussion
Plasmodium berghei (NK-65) has again been confirmed to be lethal to albino mice of BALB/c strain. All the mice, injected with 1 9 10 6 P. berghei infected RBCs, died by day 7 post inoculation, due to heavy infection in infected as well as vehicle treated groups. The infection was observed to increase continuously in vehicle treated groups (G-5) showing that there is no placebo effect against P. berghei infection as a result of which all the mice died within 7 days due to heavy infection. A placebo is an inert substance (e.g. sugar pill, alcohol, saline injection) or sham physical/electrical manipulation that is believed to have no chemical, electrical, or physical effect on the patient (Arnstein 2003) . It was confirmed that china 30 potency in monotherapy was capable of complete clearance of parasite with survival of mice up to 1 month follow up period. In earlier studies, monotherapy of china / was also reported to have statistically extremely significant effect on the reduction of P. berghei infection in BALB/c mice (Rajan and Bagai 2011) . China is also recommended in homeopathic medical repertories against recurring, relapsing and intermittent type of malaria (Robert et al. 2001; Kent 1989) . The present study is also in accordance with the homeopathic doctrine of centesimal dilutions, which generally believes that 'higher the potency (dilutions) stronger is the effect (Hahnemann 1960) .
Artesunate monotherapy (100 mg/kg) completely cleared the parasitaemia by day 7 but recrudescence occured by day 21. In a previous study the maximum cumulative dose of oral artesunate used was 600 mg which was given over 5 days, but it was followed by a recrudescence (Bonginkosi et al. 2003) . 14 days treatment with artesunate (100 mg/kg) was reported to completely prevent parasitaemia and enhance survival up to 60 days. No toxicity was observed at a total dose of artesunate of 1400 mg/ kg given over 14 days in same study (WHO 2005) . In the present study, combination therapy of artesunate (100 mg/ kg) with china (//30) led to complete clearance of parasite and absence of recrudescence during the follow up period. The survival rate has also been 100 %. The results were in comparison to the positive control group treated with standard antimalarial combination of AS ? SP. In earlier studies also, the administration of AS ? SP to P. berghei infected mice was found effective with mean parasitaemia reduction of 100 % by day 7 (Georgewill and Ebong 2012) .
In another study the homeopathic medicine eucalyptus / was found to be effective in combination with artesunate in clearing P. berghei infection in BALB/c mice. It also protected recrudescence caused by AS monotherapy up to 1 month follow up period (Bagai et al. 2008) . It has also been reported by WHO, that the artesunate is much effective in combination therapies (CT) as compared to artesunate alone which leads to the problem of recrudescence because of its short half life period (WHO 2004) .
Hydrolytic enzymes play an important part in digestion and elimination of pathogen from host. Baheti et al. (2003) have reported increased ALP activity in infected red blood cells. Present study confirms that parasite alters the enzyme activity of host tissue as P. berghei infected mice were observed to record 3-fold rise in serum ALP activity. It was reported earlier also that liver integrity is compromised during malaria infection, as reflected by increased level of alkaline phosphatase and bilirubin (Ibrahim and Ubon 2005) . The elevation in serum ALP activity is commonly observed during malaria, which is an indication of hepatocytes damage leading to leakage of this enzyme into blood (Noppadon et al. 2006 ). In case of P. berghei infected mice (G-2) the amount of total bilirubin increased slightly to 1.04 ? 0.52 g/dl. Bilirubin levels C6 mg%) and hyperbilirubinaemia (6-38 mg%) has been reported (Baheti et al. 2003) .
In present study, the amount of total bilirubin and ALP activity was found to be normal on both day 7 and 28 confirming that ACT with china (//30) does not harm the integrity of liver. Bilirubin in serum is estimated in order to assess the extent of liver damage (Garba et al. 2006) . Elevated Bilirubin levels also indicate liver disease or bile duct blockage because, RBCs are being broken down too fast for the liver to process (Aikawa et al. 1980) . The increased bilirubin level in AS ? SP treated group as compared to infected control indicated jaundice like symptoms pointing towards impairment of liver function after the treatment with standard drug combination.
The bilirubin levels were comparable to normal in the combination therapy treated groups indicating the normal functioning of liver and confirming that artesunate and china act in synergy to protect liver against parasite when given in combination. It has also been reported that elevated levels of serum bilirubin and ALP returns to normal within few weeks after treatment with therapies based on artemisinin derivatives (Das et al. 2007) .
Quantitative estimation of urea and creatinine was also done to check the affect of different therapies on kidney function of host. In infected control group, the concentration of urea was found to be increased (62.6 ± 2.30 mg/ dl). In case of Ch 30 monotherapy the level of urea reduced in comparison to infected. In case of combination therapies, the concentration of urea was also observed to be significantly (p \ 0.0005) reduced as compared to infected control showing that the combination of artesunate and china does not harm the functioning of kidneys. It is also reported in earlier studies that creatinine concentration does not get altered unless the kidney function is reduced more than 50 % (Sitprija 1988) . This indicates that the monotherapy and combination therapy used in the present study are not nephrotoxic.
Present study points to the better efficacy of AS ? china (//30) in the clearance of P. berghei infection in BALB/c mice when given orally for 7 days. It was further confirmed by liver and kidney function tests that the combination does not harm the functional organization of these organs which are otherwise badly affected during malarial infection. However, it was confirmed that artesunate in monotherapy causes recrudescence within 3 weeks of treatment. More clinical studies are required to establish homeopathic preparation of Cinchona officinalis (china) as combination partner for artesunate against human malaria parasite.
